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ABSTRACT
EFFECTS OF PATCH SIZE, ISOLATION, AND HABITAT CHARACTERISTICS ON
SMALL MAMMAL COMMUNITY STRUCTURE IN THE GRAND SABLE DUNES
OF PICTURED ROCKS NATIONAL LAKESHORE
By
Sarah Lou Malick
I live-trapped small mammals in forested patches in the Grand Sable Dunes of
Pictured Rocks National Lakeshore in 2007 and 2009 to inventory the small mammal
species present, to test the predictions of island biogeography theory in a terrestrial
landscape, and to identify factors important to habitat selection by deer mice
(Peromyscus maniculatus). Species richness was influenced by degree of isolation (F1,11
= 5.752, P = 0.035), but not area or proportion of edge habitat in forested patches. I
documented the range expansion of white-footed mice (P. leucopus) into the Grand Sable
Dunes. Deer mice were more likely to be captured in traps without downed woody debris
(Wald1 = 8.461, P = 0.004) than with it, but no other characteristics measured at the local
scale influenced captures.
Small mammals were trapped in open dune vegetation in the Grand Sable Dunes
in 2003 to examine the influence of spotted knapweed (Centaurea stoebe) on the
diversity and abundance of small mammals. Nearly twice as many mice (Peromyscus
spp.) were captured in spotted-knapweed trapping grids ( x = 0.500 captures/trap, ±
0.312) than in native-vegetation trapping grids ( x = 0.273 captures/ trap, ± 0.192).
Small mammal species diversity was low overall (232 of 236 captures were mice) and
there was no effect of knapweed on diversity.
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CHAPTER ONE
EFFECTS OF PATCH SIZE, ISOLATION, AND PROPORTION OF EDGE ON
SMALL MAMMAL COMMUNITY STRUCTURE IN THE GRAND SABLE DUNES
OF PICTURED ROCKS NATIONAL LAKESHORE

INTRODUCTION
Island biogeography theory (IBT) describes a balance between immigration,
largely influenced by isolation, and extinction, primarily influenced by island size, acting
together to determine the equilibrium number of species inhabiting islands (MacArthur
and Wilson 1963, 1967). The basic tenets of IBT are that islands located farther from a
mainland pool of species should have fewer immigrants, and therefore fewer species than
less isolated islands. Smaller islands are also expected to have fewer species than larger
islands. In general, small islands support smaller populations than big islands, so
stochastic events should lead to more frequent extinctions. Assumptions of IBT are that
islands are identical (except for area and isolation) and that immigration and extinction
act independently (MacArthur and Wilson 1963, 1967, Brown and Lomolino 2000). But
smaller islands may have proportionately more edge habitat than larger islands, violating
the assumption of identical habitat.
Although IBT traditionally addressed systems separated by water, applications to
terrestrial environments have long been discussed (Diamond 1975). For example, Bolger
et al. (1997) used this concept to examine species richness in fragmented shrub habitats
isolated by urban development in southern California. Others have applied IBT to
woodland patches isolated by agricultural and urban landscapes (e.g., Watson et al.
2005). Forested patches created through ecological succession in the Grand Sable Dunes
5

(GSD) within Pictured Rocks National Lakeshore, Michigan, present an opportunity to
examine the effects of area and isolation on community composition in terrestrial
environments and patches created through ecological succession, as opposed to habitat
fragmentation. Whereas islands created from flooded land bridges and patches left from
extreme fragmentation have remnant species assemblies, new islands represent blank
slates. Species found on new islands must have emigrated from the mainland (in this
case a contiguous forest) or another island (forested patch).
Numerous studies have examined the influence of patch size, isolation, and
proportion of edge in terrestrial habitat on species richness and abundance in birds (Blake
and Karr 1987, Van Dorp and Opdam 1987, Hoover et al. 1995, Schmiegelow et al. 1997,
Sallabanks et al. 2000). Fewer analyses of this type have focused on small mammals and
most have examined habitat fragments (e.g., Hanser and Huntly 2006, Mortelliti and
Boitani 2009) instead of naturally patchy landscapes.
Small mammals are important members of the ecological community in their
roles as consumers, prey, and seed and spore dispersers (Maser et al. 1978, Brewer and
Rejmanek 1999). The composition of small forest rodents in northern Michigan has
shifted significantly over the last few decades, corresponding to increases in average
minimum daily temperatures (Myers et al. 2009). Southern species, such as white-footed
mice (Peromyscus leucopus) and eastern chipmunks (Tamias striatus) appear to be
replacing northern species such as deer mice (P. maniculatus) and southern red-backed
voles (Clethrionomys gapperi; Myers et al. 2009). Before the 1980s, white-footed mice
were rare or absent in the Upper Peninsula except in the southernmost county,
Menominee, but by 1999 they had reached Seney National Wildlife Refuge (~40 km
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south of GSD) and by 2004-2005 they had reached the Huron Mountains (~150 km
northwest of GSD; Myers et al. 2009). The consequences of this shift in small mammal
community composition are unknown, but there may be value in monitoring this
transition.
My objectives were to inventory the small mammals occupying forested patches
in the GSD and to test the predictions of IBT in this terrestrial landscape. I predicted that
species richness would be lower in small and more isolated patches than in large patches
closer to one another or a large contiguous forest that contained the source population.
STUDY AREA
The GSD are located along 7 km of the south shore of Lake Superior
(86°3’18”W, 46°39’19”N) in Pictured Rocks National Lakeshore. The 1,000-ha dune
field is perched on a glacial moraine 40-90 m above lake level, constituting 1 of the 2
largest fields of active sand dunes within the Great Lakes region (Marsh and Marsh
1987). The surface is characterized by a shifting habitat mosaic ranging from bare sand,
to sparsely-vegetated regions containing grasses and herbaceous plants, to forested
patches. Forested patches range from <1 to 24 ha in size, are 2-392 m apart, and 5-777
m from the edge of the contiguous northern hardwood forest (hereafter mainland)
adjacent to the dune field. I examined small mammals in 13 forested patches (Figure
1.1), 11 of which were dominated by jack pine (Pinus banksiana), 2 of which were
dominated by paper birch (Betula papyrifera, trapping grids 15 and 16), and 3 mainland
sites (Table 1.1). Though at this scale (Figure 1.1) it appears some of the forested
patches were contiguous with the mainland forest, bare sand, sparse vegetation, and steep
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topography separated these patches from other forested areas. Only 3 of the patches I
examined were ≥10 ha.
METHODS
Small mammals were trapped within 13 forested patches and 3 mainland sites in
the GSD during June and July of 2007 and 2009 (Northern Michigan University
Institutional Animal Care and Use Applications 64 and 127, Appendix B). One Sherman
live trap (H. B. Sherman Traps, Tallahassee, FL) was located every 15 m along an 8 × 5
array encompassing 0.63 ha (40 traps per grid). Each patch contained 1 complete grid
except in 2 cases where the patches were not large enough to contain the entire grid (grids
15 and 16). In these cases, the 15 m spacing was preserved and stations outside of the
patches did not contain traps. Trap bait consisted of a mixture of peanut butter, oats,
raisins, and bacon grease. In addition to bait, traps contained polyfill for insulation.
Each trap was left open overnight for 4 nights, and closed to entry after checking each
morning, before 1000.
Most captured small mammals were identified to species and released on site. A
small amount of hair was removed from all newly captured individuals to identify
recaptures on subsequent days. Deer mice and white-footed mice are difficult to
differentiate in the field, but can be reliably distinguished through electrophoresis of
salivary amylase (Aquadro and Patton 1980). Thus, saliva was obtained from all mice by
dipping a cotton swab in phosphate buffered saline solution, swabbing the interior of the
mouth, and depositing the swab in a small tube of phosphate buffered saline solution.
Saliva samples were frozen until analysis (Appendix A).
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Considering the white-footed mouse had not previously been detected in the
Pictured Rocks National Lakeshore (National Park Service, unpublished data) but was
detected for the first time in 1999 within 40 km of the GSD (Myers et al. 2009), I
predicted that if present in the GSD, white-footed mice would not have had time to reach
all suitable habitat. Therefore, I predicted white-footed mice would be captured in only
the least isolated trapping grids. I used a forward stepwise binary logistic regression to
determine if the probability of capturing white-footed mice was higher in trapping grids
less isolated from another forested area than in more isolated patches. I used a Hosmer
and Lemeshow (1980) goodness of fit test to evaluate the logistic regression model,
where a high P-value indicated a good fit.
Traditionally, the power function model (MacArthur and Wilson 1963, 1967) has
been used to address the relationship between species richness and island area or
isolation. More recently, some have argued that sigmoid curve models might be more
appropriate for describing this relationship (Williams 1995, Tjørve 2003). When sigmoid
curves and power functions were compared and islands were small, all islands had ≥ 1
species, and island species richness ≤ mainland richness, the power function model
performed equally well (Belant and Van Stappen 2002, Tjørve 2003), or better (Natuhara
and Imai 1999) than sigmoid curve models. Therefore, I employed the more common
and simpler power function model,
S = cAz
where S represents the number of species in an island and A represents a landscape
metric, in PASW 18.0 (IBM, Somers, NY) to independently test for a relationship
between species richness and patch area, patch isolation, an interaction between these 2
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variables, or the ratio of patch area and edge. I included the ratio of edge to area to
separate the effects of edge habitat from patch size on species richness.
Patch isolation was addressed by 3 measures, the distance to the nearest patch,
distance to the mainland, or distance to the nearest woodland whether patch or mainland.
I used these metrics to determine if either the mainland or patches were the only source of
immigrants to each patch, or if immigrants came from both the mainland and patches. If
the latter were true, patches may have served as stepping stones and influenced travel
routes. I used the true distance a mouse would travel that included topography. I
determined the area of each forested patch, the distance between patches and the
mainland, and the amount of edge in each patch with ArcGIS version 9.3. True distances
were calculated using the surface length tool under functional surface with the 3D
Analyst extension of ArcGIS. I used α = 0.05 for all hypothesis tests.
RESULTS
Five-hundred thirty-eight individual small mammals representing 9 species were
trapped during 2,524 trap nights in 2007 and 2009 in the GSD (Table 1.2). The number
of species documented within each patch varied from 2 to 5 (Figure 1.2). Eastern
chipmunks and deer mice comprised 73% of individuals captured and were present in
every trapping grid (Table 1.2).
White-footed mice were captured in 5 of 13 patches and all 3 mainland trapping
grids (Figure 1.3). White-footed mice were captured in grids less isolated from other
forest habitat (Omnibus χ21 = 9.684, Nagelkerke R2 = 0.605, P = 0.002). The probability
of capturing a white-footed mouse was
y = 1/(1 + e-z)
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where z is equal to 1.850 - 0.102(distance to the nearest woodland). Although the model
correctly predicted presence or absence of a white-footed mouse more than 75% of the
time (75.0% accurate classification of absence, 87.5% accurate classification of presence)
and was a good fit to the data (Hosmer and Lemeshow test χ24 = 1.123, P = 0.891), the
slope was not significant (Wald1 = 3.369, P = 0.066).
Fewer small mammal species were captured in patches farther from the nearest
woodland than those closer to a woodland, whether another patch or the mainland forest
(F1,11 = 5.752, P = 0.035) and this isolation metric explained 34% of the variation in
observed species richness. Area, distance to the mainland, distance to the nearest patch,
the interaction between area and distance to nearest woodland, and the ratio of edge-toarea of each patch were not related (P > 0.17) to the number of species captured in each
patch (Table 1.3, Appendix C).
DISCUSSION
One isolation metric, distance to nearest woodland, correctly predicted species
richness in GSD forest patches, as predicted by IBT, but there was no relationship
between observed richness and other isolation metrics, patch size, proportion of edge, or
an interaction between area and isolation, contrary to predictions. The lack of a speciesarea relationship could have been due to insufficient variation in patch size in the GSD or
there may have been a biological reason. Prugh et al. (2008) synthesized patch
occupancy data from 89 studies of terrestrial fauna and determined that area and isolation
were poor predictors of patch occupancy. Area × isolation in their study explained a
median of 25% of the variation in species occupancy, whereas isolation and area factors
alone only explained 3% and 13%, respectively.
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Matrices in investigations that test the predictions of IBT in terrestrial landscapes
are often dominated by cultivated land, clearcut forests, and urban settings (e.g.,
Schmiegelow et al. 1997, Sallabanks et al. 2000, Mortelliti and Boitani 2009, Vieira et al.
2009), which would provide varying degrees of cover to a dispersing small mammal. The
majority of the studies examined by Prugh et al. (2008) were habitat remnants created by
anthropogenic activity, whereas the patches in the GSD were established through
ecological succession as loose sand stabilized over time. This difference in matrix
composition between the GSD and many other study areas could explain why isolation
accounted for 11 times the amount of variation in the GSD than the average reported by
Prugh et al. (2008).
Although 10 of the 13 patches had 4 or 5 species present, which species were
present in a given patch varied considerably. After deer mice and chipmunks, the next
most common species captured in a patch were red squirrels and red-backed voles,
neither of which were documented in the 2 smallest and most isolated patches (grids 15
and 16). Conversely, 2 species only documented in a single patch, the woodland jumping
mouse and masked shrew, were present in 1 of those isolated patches (grid 15). If small
mammals dispersed according to their theoretical perceptual range, where larger species
detect distant habitat from greater distances than smaller species (Mech and Zollner
2005), one would not expect the smallest species (masked shrew) to occupy this distant
patch and not the relatively large-bodied red squirrel. The fact that 3 species were
detected in patches but not in mainland grids suggests that some species present in some
patches may not have been detected, which would result in biased estimates of species
richness. Trapping for longer periods, during multiple periods throughout the summer, or
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using multiple methods of detection, may have resulted in more accurate observations.
Pitfall traps appear to be more effective in capturing small mammals than Sherman livetraps (Williams and Braun 1983). Including drift fences to pitfall arrays has increased the
probability of captures further, especially of shrews (Williams and Braun 1983, Otto and
Roloff 2011).
Patch age could have been confounded with isolation in determining species
richness. Due to the dynamic nature of the GSD, patches closer to the shoreline were
generally younger than those closer to the mainland forest (Loope and McEachern 1998).
Not only would younger patches have had less time for species to become established
than older patches, but these patches may have provided less suitable habitat for some
species if the forest was younger and less complex than older patches. Also, the 2 most
isolated patches (grids 15 and 16) were dominated by paper birch, whereas the others
were dominate by jack pine. This violates an assumption of IBT, that all patches are
equal with respect to habitat quality. Thus, factors other than isolation may have
contributed to the pattern of species richness observed in the GSD.
White-footed mice in the GSD were captured in less isolated rather than more
isolated trapping grids. This suggests they have not had time to expand into all forest
patches in the GSD, or that some of the patches were not suitable. Superficially, the
habitat in each patch appears suitable for this generalist species, but there could be
differences in habitat at the local-scale I did not measure.
Whether white-footed mice will coexist with deer mice, or replace them in the
GSD is unknown. Sympatric white-footed and deer mice have similar diets (Wolff et al.
1985). Although some differences in nest site selection exist between deer and white-

13

footed mice where they co-occur, with deer mouse nests more often located in arboreal
sites or higher up and white-footed mice more often using ground nest sites or cavities at
lower levels (Wolff and Hurlbutt 1982), experimental manipulation has not produced
clear evidence of resource partitioning (Dooley and Dueser 1990).
Considering both species require similar conditions, one might not expect
sympatry to be sustainable throughout their range, including the GSD, but in many areas
the 2 have coexisted since the Pleistocene (Guilday et al. 1977). Apparently the 2 species
coexist in some regions due to adaptations to different environmental conditions. Whitefooted mice have higher rates of increase than deer mice during mild climatic conditions
(Wolff 1996), but in severe winters, when food is limiting, deer mice have higher
survival rates because of their ability to conserve energy by entering torpor more readily
than white-footed mice (Tannenbaum and Pivorun 1988). Thus, a fluctuating
environment may lead to periodic shifts in competitive superiority. I am aware of no
cases of competitive exclusion and dominance in white-footed and deer mice is sitespecific, not species-specific (Wolff et al. 1983). Therefore the 2 are likely to coexist.
Because competition between eco-morphologically similar rodent species results in
decreased abundances of each (Stevens and Willig 2000), I expect the relative abundance
of deer mice in the GSD to decrease in the future.
SUMMARY AND CONCLUSIONS
I trapped small mammals in 13 forested patches in the GSD to inventory the small
mammals and to test the predictions of island biogeography theory in a terrestrial
landscape. Nine small mammal species were captured. Fewer species were present in
isolated patches than those closer to the mainland or another patch (F1,11 = 5.752, P =
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0.035), as predicted. Contrary to predictions, there was no relationship between species
richness and patch area, proportion of patch edge, or other isolation metrics. I
documented the range expansion of a southern species, the white-footed mouse, into the
Grand Sable Dunes. White-footed mice were more likely to be captured in less than
more isolated patches (Omnibus χ21 = 9.684, Nagelkerke R2 = 0.605, P = 0.002).
I recommend small mammal trapping in the forest patches of the GSD every 5-10
years in order to monitor changes in abundance and distribution of small mammal species
in response to environmental changes. Saliva samples should be collected from mice to
facilitate differentiation of deer mice and white-footed mice. I recommend a combination
of Sherman live-trap and drift-fence pitfall arrays to improve detection probabilities. Of
particular interest will be whether the newly-arrived white-footed mouse becomes more
abundant, whether it expands into additional patches, and whether there are concurrent
changes in the distribution and abundance of deer mice.
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CHAPTER TWO
LOCAL-SCALE HABITAT CHARACTERISTICS AND THE PROBABILITY OF
CAPTURING A DEER MOUSE IN THE GRAND SABLE DUNES OF PICTURED
ROCKS NATIONAL LAKESHORE

INTRODUCTION
The deer mouse (Peromyscus maniculatus) is an abundant small mammal within
the forests of the Upper Peninsula of Michigan that serves an important role in the
ecological community as prey for mammals, reptiles, and birds. They are omnivores that
consume invertebrates, bird eggs, fungi, fruits, seeds, and other plant matter (Baker 1983,
Wolff et al. 1985, Rhoades 1986). Deer mice are frequently used as model organisms to
test ecological methods and theories (e.g., Douglas 1989, Morris 1997) because they are
1 of the most widespread and abundant vertebrates in North America. Deer mice have
received added attention in recent years as the main reservoirs of hantavirus (e.g., Boone
et al. 2000, Langlois et al. 2001).
Deer mice make their nests in protected areas often found in or below downed
woody debris (DWD), within snags, or sometimes live trees (Wolff and Hurlbutt 1982,
Baker 1983). Downed timber is a preferred substrate for travel, presumably because
running on fallen logs is quieter than on much of the forest substrate (Roche et al. 1999),
which in turn attracts less attention from auditory predators. Snags and DWD may also
provide increased foraging opportunities due to the variety of insects and fungi that
colonize decaying wood. Debris covering the forest floor can also provide substantial
habitat for insects.
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Low herbaceous vegetation provides foraging opportunities via seeds, fruits, plant
matter, and the insects that live on them, and cover that should help mice avoid detection
by visual predators. Microclimate conditions differ with proximity to forest edge. For
instance, air and soil temperature and wind velocity fluctuations were greater and
fluctuations in relative humidity less pronounced on the clearcut edges of old growth
Douglas fir (Pseudotsuga menziesii) forests than in the interior forest in the Pacific
Northwest (Chen et al. 1993). Because microclimate affects vegetation distribution
(Matlock 1994), proximity to forest edges may also affect deer mouse distribution.
My objective was to examine the influence of local-scale habitat structure on deer
mice within forested patches in the Grand Sable Dunes (GSD). I predicted that within
forested patches, the probability of capturing a deer mouse would be high in areas with
considerable herbaceous cover, debris on the forest floor, and near snags and DWD. I
predicted that few deer mice would be captured in areas with a high percentage of bare
ground. Lastly, I predicted that the state of decay of DWD and distance to forest edge
would be important factors for predicting deer mouse captures.
STUDY AREA
The GSD are located along 7 km of the south shore of Lake Superior
(86°3’18”W, 46°39’19”N) in Pictured Rocks National Lakeshore, Michigan. The 1,000ha dune field is perched on a glacial moraine 40-90 m above lake level, constituting 1 of
the 2 largest fields of active sand dunes within the Great Lakes region (Marsh and Marsh
1987). The surface is characterized by a shifting habitat mosaic ranging from bare sand,
to sparsely-vegetated regions containing grasses and herbaceous plants, to forested
patches dominated primarily by jack pine (Pinus banksiana). Forested patches range
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from <1 to 24 ha in size, are 2-392 m apart, and 5-777 m from the edge of the contiguous
northern hardwood forest adjacent to the dune field. Thirteen trapping grids were located
within isolated forested patches, 11 dominated by jack pine, 2 dominated by paper birch
(Betula papyrifera), and 1 grid was located within a jack pine region adjoining a
contiguous northern hardwood forest (Figure 2.1).
METHODS
Small mammals were trapped in 14 grids in the GSD (Figure 2.1) during the
summers of 2007 and 2009 (Northern Michigan University Institutional Animal Care and
Use Applications 64 and 127, Appendix B). One Sherman live trap (H. B. Sherman
Traps, Tallahassee, FL) was located every 15 m along an 8 × 5 array encompassing 0.63
ha (40 traps per grid). To avoid mortalities due to heat stress, traps were not placed
completely at random along the 15-m spacing, but under the nearest cover to provide
sufficient shade. The 2 patches dominated by birch were not large enough to contain the
entire grid. In these cases, the 15-m spacing was preserved and stations outside of the
patches did not contain traps. Trap bait consisted of a mixture of peanut butter, oats,
raisins, and bacon grease. In addition to bait, traps contained polyfill for insulation.
Each trap was left open overnight for 4 nights, and closed to entry after checking each
morning, before 1000.
Most captured small mammals were identified to species and released on site.
Deer mice and white-footed mice (Peromyscus leucopus) are difficult to differentiate in
the field, but can be reliably distinguished through electrophoresis of salivary amylase
(Aquadro and Patton 1980). Thus, saliva was obtained from all newly-captured mice by
dipping a cotton swab in phosphate buffered saline solution, swabbing the interior of the
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mouth, and depositing the swab in a small tube of phosphate buffered saline solution.
Saliva samples were frozen until analysis (Appendix A). I trimmed a small portion of
hair from the back of each individual in order to identify recaptures in subsequent days.
After trapping ceased, I recorded the total percent herbaceous cover at 0.75 m
above ground level, and the percent cover at ankle height of debris (including leaf litter,
needles, and woody debris), bare ground, and live plants within 2-m diameter circles at
each trapping station. Additionally, I noted the presence or absence of snags within 15 m
of each station and of DWD in 5 decay classes, where 1 represented freshly fallen, intact
logs, and 5 represented completely rotten logs with no structural integrity (Woodall and
Williams 1992). I recorded the location of each trap with a GPS and determined the
distance to the nearest patch edge in a geographic information system (ArcGIS 9.3).
Capture success at each trap was scored as 0, when no mice were captured, or 1,
when ≥1 mouse was captured. My marking method did not allow me to identify
individual mice, and saliva samples were only collected during the first capture event.
Therefore, I only included traps in which a deer mouse was first captured for this
analysis. This also removed the possible bias associated with “trap happy” individuals.
To determine which variables influenced deer mouse capture, I performed a forward
conditional logistic regression in PASW 18.0 (IBM, Somers, NY). My initial analysis
included percent vegetative cover at ankle height and at 0.75 m, percent bare soil, percent
debris, distance to patch edge, and presence or absence of snags or DWD. I used a
Hosmer and Lemeshow (1980) goodness of fit test to evaluate the logistic regression
model, where a high P-value indicates a good fit.
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RESULTS
One hundred fifty-eight individual deer mice were captured during 2,204 trap
nights in forested grids in the GSD. First time captures occurred at 127 of 551 traps
(23%). More traps without DWD (108 traps) captured deer mice for the first time than
those with it nearby (19 traps; Nagelkerke R2 = 0.026, Wald1 = 8.461, P = 0.004). If 12
more of the successful traps had been near DWD than not, this would have been
proportional to the conditions at all traps, since 75% of all traps were not within 15 m of
DWD. The equation for the line predicting the probability of capturing a deer mouse in a
trap within forested regions in the GSD was
y = 1/(1 + e-z)
where z is equal to -1.057 - 0.806(DWD). Percent vegetative cover at ankle height and at
0.75 m, percent bare soil, percent debris, distance to patch edge, and presence or absence
of snags were not selected in the model (P > 0.15). Most microhabitat conditions
surrounding successful and unsuccessful traps were proportional (Appendix D). The
sample size was too low to analyze by decay class and there were not sufficient degrees
of freedom to evaluate the model using a Hosmer and Lemeshow (1980) goodness of fit
test.
DISCUSSION
Downed woody debris was the only habitat variable I measured that was useful
for predicting the probability of capturing a deer mouse. Although there may be a true
biological reason fewer deer mice were captured in traps near DWD than not, I did not
have a great deal of confidence in the model, considering this conclusion was based on a
difference of only 12 traps. Also, the low Nagelkerke R2 (0.026) indicated any
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association was likely weak. Downed wood is generally considered a valuable resource
for deer mice (Baker 1983), but Craig et al. (2006) reported DWD was not a critical
habitat component for deer mice in southern British Columbia. Whether or not GSD deer
mice avoided areas near DWD is questionable, but considering the lack of a positive
relationship as I predicted, and a low volume of DWD in the study area as a whole, it
appears DWD was not critical for GSD deer mice as well.
By occupying areas without DWD in the GSD, deer mice were likely responding
to some other measure I did not consider, such as competition by another species. The
recent invasion of a close relative, the white-footed mouse (Chapter 1), could have
influenced deer mouse distribution at the local scale. White-footed mice have a similar
diet to deer mice (Wolff et al. 1985), prefer microhabitat with coarse woody debris
(Greenberg 2002), and may be more aggressive than deer mice (Baker 1983, but see
Wolff et al. 1983). Other morphologically similar mice species are known to exhibit
microhabitat separation (Dueser and Shugart 1978).
Conflicting reports of habitat preferences by deer mice abound in the literature.
Cover, bare ground, debris, snags, and distance to edge, were not selected in the final
model for the GSD. Higher deer mouse abundance along edges than interior of recently
harvested forests was reported in New Brunswick (Sekgororoane and Dilworth 1995), but
Menzel et al. (1999) reported more deer mice in forest interiors. Bayne and Hobson
(1998) argued it was the surrounding matrix that determined how deer mice responded to
forest edges. They estimated higher deer mouse abundance at edges than interiors of
farm woodlots but observed no difference in abundance between interiors and edges of
forested patches separated by clearcuts. Miller and Getz (1977) reported deer mice in
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New England were most abundant in areas with low herbaceous cover, while Vickery
(1981) and Wywialowski (1987) reported deer mice preferred high herbaceous cover.
Considering this species has such a wide range covering so many habitats, the
conflicting results from my and other studies are understandable. The variability in
palatable seeds and insects across North America, and their associations with cover,
DWD, and other microhabitat variables may account for many of these discrepancies.
Compared to an endemic species with a restricted range, it is difficult to describe specific
habitat requirements for such a generalist species.
My results should be interpreted with caution, in part because they are based
solely on capture success. Deer mice in my study may have altered their use of
microhabitat due to the presence of traps. On stabilized sand dunes in the Great Basin
Desert, trap data exaggerated deer mouse use of open microhabitat (Kotler 1985). An
equal number of stations were located in open and brush habitats. Deer mice were
trapped in 43% of traps in the open areas, whereas deer mouse tracks were observed in
only 10% of transects in open areas; apparently mice were attracted to traps from
adjacent habitat (Kotler 1985). Perhaps a design that allowed comparison of the amount
of time spent in an area versus available habitat afforded by other methods, such as
tracking fluorescent dye trails left my released mice or using radio telemetry, would have
provided a more accurate depiction of deer mouse microhabitat preferences in the GSD
than capture success alone. Additionally, GSD mice may have responded to habitat
characteristics at a different scale than the 2-m diameter I examined.
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SUMMARY AND CONCLUSIONS
I trapped deer mice to determine the influence of local-scale habitat structure on
their distribution within forested patches in the GSD. I examined the influence of
herbaceous cover, snags, downed woody debris, bare soil, forest floor debris, and
distance to edge on the probability of capturing a mouse. More deer mice were captured
in traps where downed woody debris was not present within 15 m (Nagelkerke R2 =
0.026, Wald1 = 8.461, P = 0.004), than in traps where it was present. No other habitat
variables were significant predictors of capture success. Downed woody debris is
typically considered a valuable resource to mice as it provides nesting and foraging
opportunities, but it did not appear to be critical to deer mice in this area. Overall, there
was a limited amount of DWD within the GSD forested areas, so little available for mice
to utilize. Inclusion of DWD in the final model was based on a difference of only 12
successful traps, add to this a low Nagelkerke’s R2 (0.026), and my overall confidence in
the model was low. Identifying components of the microhabitat that are important to
deer mice is difficult for such an ecologically plastic species. The fact that deer mice
were not strongly associated with any of the factors examined in a 2-m diameter of traps
either suggests the scale of examination was not relevant, or simply reflects the plasticity
of this species.
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CHAPTER THREE
INFLUENCE OF SPOTTED KNAPWEED ON DIVERSITY AND ABUNDANCE OF
SMALL MAMMALS

INTRODUCTION
Species may alter their distributions in response to new threats such the invasion
of exotic plants (Pimentel et al. 2000). Many exotic plant species significantly modify
the structure and functioning of native communities and threaten native biological
diversity (Vitousek et al. 1997, Alvarez and Cushman 2002). Spotted knapweed
(Centaurea stoebe [formerly Centaurea maculosa]) is an exotic plant that often displaces
native vegetation and has invaded much of North America (Wilson and Randall 2005),
including the Grand Sable Dunes (GSD) of Pictured Rocks National Lakeshore,
Michigan. With shifts in plant assemblages the insect community could also be affected,
with positive or negative impacts on small mammals.
In addition to the visible effects of spotted knapweed on plant assemblages above
ground, changes have been observed below ground. Broz et al. (2007) observed
significantly lower fungal biomass in high density stands of spotted knapweed than in
stands dominated by native plants. Lower fungal biomass could have negative
implications throughout the food web, particularly for small mammals utilizing fungi as a
food source. Conversely, small mammals in the sparsely vegetated GSD could benefit
from spotted knapweed if it provides more cover than native vegetation alone.
Considering potential shifts in the proportion of plant species present, fungal
biomass, and percent cover in the GSD after spotted knapweed invasion, it seems likely
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that the abundance and diversity of small mammals may be affected, though the effect
may differ depending on the species. My objective was to examine the influence of
spotted knapweed invasion on small mammals occupying the open dunes in the GSD.
STUDY AREA
The GSD are located along 7 km of the south shore of Lake Superior
(86°3’18”W, 46°39’19”N) in Pictured Rocks National Lakeshore, Michigan. The 1,000ha dune field is perched on a glacial moraine 40-90 m above lake level, constituting 1 of
the 2 largest fields of active sand dunes within the Great Lakes region (Marsh and Marsh
1987). The surface is characterized by a shifting habitat mosaic ranging from bare sand,
to sparsely-vegetated regions, to forested patches dominated by jack pine (Pinus
banksiana). Open dune vegetation includes grasses such as little bluestem
(Schizachyrium scoparium) and beach grass (Ammophila breviligulata), and herbaceous
plants such as Lake Huron tansy (Tanacetum huronense), sand cherry (Prunus pumila),
and federally threatened Pitcher’s thistle (Cirsium pitcheri; USFWS 1987). In 2007
spotted knapweed was present across 24% of the GSD (A. Rebertus and K. Hardenbrook,
Northern Michigan University, unpublished report).
METHODS
A trapping design was established in the open dune vegetation in the GSD during
June and August in 2003. Six plots were in native dune vegetation dominated by grasses
and forbs, and 6 plots were located in areas where spotted knapweed was present in
addition to native dune vegetation. All plots were located in the eastern portion of the
GSD near the area where knapweed first invaded and had reached the highest density
(Figure 3.1). All plots were contained within an area of <10 ha. Each plot encompassed
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0.16 ha and was >35 m from habitat edges. Twenty-five baited Sherman live traps were
set 10 m apart in a 5 × 5 array. Traps were left open overnight, and closed after checking
each morning, for 3 nights in June and 3 nights in August, resulting in 900 trap nights
during both months. Most captured small mammals were identified to species and
released on site. However, mice (Peromyscus spp.) were only identified to genus because
deer mice and white-footed mice cannot be reliably distinguished in the field and both
may have been present (Chapter 1). The percent coverage of all herbaceous plants within
1 m2 of the trap was estimated at each trap station during both trapping periods.
I used Ecosim (Gotelli and Entsminger 2010) to test whether diversity of small
mammal species differed among treatments. I treated individuals as sample units and set
the number of individuals captured in each treatment equal to the number in the treatment
with the fewest captures. With this method, Ecosim rarefies the community with the
greater number of captures down to the abundance level of the community with fewer
captures, allowing for a more equal comparison. I examined species richness and
evenness using the species richness and Hurlbert’s probability of interspecific encounters
(PIE) options in Ecosim with 1,000 iterations and a random number seed of 10.
Hurlbert’s PIE calculates the probability that any 2 random individuals within the sample
population will be different species (Hurlbert 1971). For both analyses, I considered
communities different if the observed diversity of the community with the fewest
captures fell outside of the 95% confidence interval of the community with the most
captures.
I tested for a difference between treatments in mean captures per trap of the most
common species using a General Linear Model ANOVA with percent cover of all
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vegetation as a covariate and month as a random factor in PASW 18.0 (IBM, Somers,
NY). I used α = 0.05 for all hypothesis tests. Data did not meet 1 assumption of
ANOVA (normal distribution), but I assumed the observations came from a normal
population considering the small sample size (n = 6) was not sufficient for formal
hypothesis testing.
RESULTS
Species diversity in both treatments was low; 232 out of 236 captures were mice.
Four species other than mice were captured, but each of these was only captured once
(Table 3.1). More individuals were captured in the knapweed plots than the native plots,
so I used EcoSim to rarefy the knapweed treatment down to 84 (the number of
individuals captured in the native plots). With this adjustment, the mean expected
number of species captured in the knapweed plots ( x = 2.103, CI 1.000 ≤ x ≤ 3.000)
was 70% of the number in native plots (3.0). Similarly, the mean Hurlbert’s PIE in
knapweed plots ( x = 0.026, CI 0.000 ≤ x ≤ 0.047) was about half that in the native
(0.047) when adjusted for number of individuals. However, the observed diversity of the
smaller community (native) fell within the 95% confidence interval of the larger
community (knapweed), indicating no significant difference between knapweed and
native areas.
Mean captures per trap of mice in knapweed plots ( x = 0.50 ± 0.31) was nearly
double that in native plots ( x = 0.27 ± 0.19; F1,20 = 18.251, P < 0.001). There was
nearly twice the amount of total vegetative cover in the knapweed treatment ( x = 71.2 ±
12.0) than in the native ( x = 36.9 ± 11.4) treatment, and it was a significant covariate
(F1,20 = 5.239, P = 0.033). Three times as many mice were captured in August than in
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June (Table 3.1; F1,20 = 66.227, P < 0.001), which would be expected given most
breeding occurs during the summer months (Wrigley 1969, Sullivan 1977, Gilbert and
Krebs 1991).
DISCUSSION
Knapweed in the GSD had a positive effect on mouse abundance, but no effect on
small mammal species diversity overall. Mice appeared to benefit from an increase in the
amount of total vegetative cover due to knapweed invasion in this otherwise sparsely
vegetated landscape, but there may have been indirect factors influencing mice as well,
such as an increase in the availability of food. The high number of mice captured in
knapweed plots may be related to the availability of 2 species of exotic gall flies
(Urophora spp.) introduced as biological control agents throughout North America for
spotted knapweed. At least 1 of those species is present in the GSD (personal
observation). Deer mice in Montana consumed large numbers of the gall flies and were
more abundant in heavy knapweed cover with gall flies than low knapweed cover without
gall flies (Pearson et al. 2000).
Marshall (2004) found differences in the number of ground dwelling arthropods
captured in knapweed compared to native areas in the GSD (Marshall 2004). Although
some variation occurred throughout the trapping season, in general more spiders
(Araneae), weevils (Curculionidae), and ants (Formicidae) were captured in knapweed
transects, and more harvestmen (Opiliones) and rove beetles (Staphylinidae) were
captured in native transects (Marshall 2004). Spiders and lepidopteran larvae were
preferred by wild-caught deer mice over other arthropods and rice in cafeteria feeding
experiments elsewhere (Bellocq and Smith 1994), so the higher levels of mice in
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knapweed plots in the GSD may have been partially driven by the elevated abundance of
spiders. Although I have no direct evidence mice benefited from increases in gall fly
larvae and spiders, shifts in small mammal communities related to exotic plant invasions
and altered arthropod communities have been documented elsewhere (Lambrinos 2000).
Whatever the cause of the positive response by mice to the knapweed invasion in
the GSD, it may have driven additional changes in the ecological community. Though an
increased abundance of mice could positively affect their predators, it could be
detrimental at other trophic levels. Federally threatened Pitcher’s thistle reaches high
density, but low recruitment, in knapweed stands in the GSD (A. Rebertus and K.
Hardenbrook, Northern Michigan University, unpublished data). If the number of mice
present in knapweed stands was inflated due to the increase in cover or some other factor,
increased seed predation could partially explain the poor recruitment of Pitcher’s thistle
in those areas.
White-footed and deer mice are common hosts for the deer tick (Ixodes
scapularis), responsible for spreading Lyme disease (Anderson and Magnarelli 1984,
Burkot et al. 1999). Deer and white-footed mice are also recognized as the primary
rodent reservoir for hantavirus in the southwestern United States (Childs et al. 1994,
Mills et al. 1998). Therefore, increased abundances of mice due to spotted knapweed
invasion within the GSD could indirectly affect human health.
Knapweed invasion had no effect on small mammal diversity in non-forested
areas of the GSD; diversity was low in plots where the exotic plant was present, as well
as areas without knapweed. The total number of species captured overall was between
one-half and two-thirds the number captured on adjacent forested habitat in the GSD (9;
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Chapter 1). In Prince Edward Island National Park, diversity of small mammals in low
dune vegetation was also lower than in nearby forested habitats (P < 0.05; Silva et al.
2000). Further spread of spotted knapweed in the GSD is not likely to directly affect
small mammal diversity in dune vegetation at this scale, but there could be effects at
some other level.
SUMMARY AND CONCLUSIONS
I compared small mammal abundance and diversity in knapweed-infested areas in
the GSD with abundance and diversity in non-infested areas to determine whether the
presence of this plant affected the small mammal community. Two hundred thirty-two of
236 captures were Peromyscus mice, and 4 additional species were each captured once.
Mean captures per trap of mice in knapweed plots ( x = 0.50 ± 0.31) was nearly double
that in native plots ( x = 0.27 ± 0.19; F1,20 = 18.251, P < 0.001). There was nearly twice
the amount of total vegetative cover in the knapweed treatment ( x = 71.2 ± 12.0) than in
the native ( x = 36.9 ± 11.4). Mean captures per trap were positively related to percent
cover (F1,20 = 5.239, P = 0.033). Mice are seed and insect predators, seed and spore
dispersers, and they serve as prey for a wide range of species. Thus, the positive response
by mice to the knapweed invasion in the GSD may have driven additional changes in this
community. Increased abundance of mice due to spotted knapweed invasion within the
GSD could indirectly affect human health as they are common reservoirs for hantavirus
and hosts for the deer tick that spreads Lyme disease.
I recommend that spotted knapweed be controlled or eradicated from the GSD to
preserve both native vegetative communities and the structure of the small mammal
community, and perhaps even to protect human health. If knapweed-infested areas
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persist, I recommend periodic trapping in these areas to more fully evaluate and monitor
their use by small mammals. In particular, I recommend expanding trapping efforts into
other regions of the GSD as dictated by the distribution of knapweed.
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TABLES

Table 1.1. Landscape characteristics of forested patches in the Grand Sable Dunes of Pictured Rocks National Lakeshore, Michigan,
and a contiguous (“mainland”) northern hardwood forest (NHF) adjacent to the dune field. Small mammals were trapped in 16 grids
in 2007 and 2009.

Trapping
grid
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Distance to
mainland
(m)
NA
40.9
NA
219.4
136.9
5.2
NA
316.4
6.6
9.6
297.1
122.3
649.4
777.2
221.1
397.9

Distance to
nearest patch
(m)
NA
27.8
NA
27.8
1.7
1.7
NA
51.2
170.2
8.2
8.2
12.7
32.2
68.1
391.7
391.7

Distance to
nearest
woodland (m)
NA
27.8
NA
27.8
1.7
1.7
NA
51.2
6.6
8.2
8.2
12.7
32.2
68.1
221.1
391.7

Area
(ha)
NA
3.2
NA
5.5
8.8
23.9
NA
10.7
11.0
4.6
3.1
8.4
2.1
2.5
1.1
0.6

Edge-toarea ratio
NA
0.03
NA
0.03
0.02
0.02
NA
0.02
0.02
0.03
0.04
0.03
0.04
0.03
0.05
0.07
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Area (ha) x
dist. to
woodland (m)
NA
87.8
NA
152.1
14.9
40.7
NA
547.1
72.7
37.8
25.6
106.1
67.8
171.3
233.2
230.5

Forest
composition
Jack pine
Jack pine
NHF
Jack pine
Jack pine
Jack pine
NHF
Jack pine
Jack pine
Jack pine
Jack pine
Jack pine
Jack pine
Jack pine
Paper birch
Paper birch

Patch or
mainland
Mainland
Patch
Mainland
Patch
Patch
Patch
Mainland
Patch
Patch
Patch
Patch
Patch
Patch
Patch
Patch
Patch

Year
trapped
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2009
2009
2009

Table 1.2. Small mammal species captured during 2007 and 2009 in forested patches in the Grand Sable Dunes of Pictured Rocks
National Lakeshore, Michigan. Trapping grids 1, 3, and 7 were within the contiguous forest adjacent to the dune field.
Trapping grid
Species

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Total

Percent

Eastern chipmunk

7

15

6

29

11

9

3

22

23

17

17

24

11

5

8

4

211

39.2

Deer mouse

8

23

8

14

4

5

13

15

13

10

9

4

11

18

13

11

179

33.3

Red squirrel (Tamiasciurus
hudsonicus)

1

0

0

0

2

4

1

3

12

5

11

6

6

0

0

0

51

9.5

Southern red-backed vole

5

2

1

11

1

3

0

1

0

0

0

1

5

0

0

0

30

5.6

Unidentified Peromyscus spp.

3

0

0

6

1

0

3

3

2

2

2

0

1

0

0

0

23

4.3

Northern short-tailed shrew
(Blarina brevicauda)

0

3

2

1

0

0

13

0

1

0

0

0

2

0

0

0

22

4.1

White-footed mouse

4

0

1

1

2

1

6

0

0

0

2

1

0

0

0

0

18

3.3

Woodland jumping mouse
(Napaeozapus insignis)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2

0

2

0.4

Northern flying squirrel
(Glaucomys sabrinus)

0

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

1

0.2

Masked shrew (Sorex
cinereus)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

1

0.2

Total number of species

5

4

5

5

5

5

5

4

4

3

5

5

5

2

4

2
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Table 1.3. Relationship between landscape variables and species richness of small
mammals trapped in forested patches in the Grand Sable Dunes of Pictured Rocks
National Lakeshore, Michigan, in June and July of 2007 and 2009 determined with a
power function.
Landscape feature
Area (ha)
Distance to mainland (m)
Distance to nearest patch (m)
Distance to nearest woodland (m)
Area × distance to woodland (ha × m)
Edge-to-area-ratio

40

R2
0.300
0.041
0.282
0.343
0.163
0.160

P
0.053
0.509
0.062
0.035
0.171
0.175

Slope
0.178
-0.039
-0.100
-0.118
-0.134
-0.347

Table 3.1. Small mammals captured in areas containing native dune vegetation and areas with both spotted knapweed and native dune
vegetation in the Grand Sable Dunes of Pictured Rocks National Lakeshore, Michigan, 2003.

Species

June
Native
Knapweed

August
Native
Knapweed

Total
Native
Knapweed

Deer and white-footed mice
Meadow vole
(Microtus pennsylvanicus)
Pygmy shrew
(Microsorex hoyi)

16

37

66

113

82

150

0

1

0

0

0

1

0

0

0

1

0

1

Woodland jumping mouse

0

0

1

0

1

0

Northern short-tailed shrew

0

0

1

0

1

0
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FIGURES

Figure 1.1. Location of 13 forested patches and 3 mainland trapping grids in the Grand Sable Dunes of Pictured Rocks National
Lakeshore, Michigan, where small mammals were trapped during June and July of 2007 and 2009. Associated numbers correspond to
trapping grids in Tables 1.1 and 1.2.
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Figure 1.2. Number of small mammal species captured within each forested patch in the Grand Sable Dunes of Pictured Rocks
National Lakeshore, Michigan, in 2007 and 2009.
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Figure 1.3. White-footed mice were captured in 8 (indicated in black) of 16 trapping grids in the Grand Sable Dunes of Pictured Rocks
National Lakeshore, Michigan.

44

Figure 2.1. Location of 14 trapping grids in the Grand Sable Dunes of Pictured Rocks National Lakeshore, Michigan, where small
mammals were trapped during June and July of 2007 and 2009.
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Figure 3.1. Location of 12 trapping grids located within a 10 ha area (white circle) in the Grand Sable Dunes of Pictured Rocks
National Lakeshore, Michigan, where small mammals were trapped during June and August of 2003.
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APPENDIX A

LABORATORY PROTOCOL FOR DIFFERENTIATING DEER AND WHITEFOOTED MICE

Deer mice (Peromyscus maniculatus) and white-footed mice (P. leucopus) are
difficult to differentiate by external morphological characteristics. Thus researchers
interested in identification of these species in capture and release studies would benefit
from a straightforward and inexpensive laboratory method. I adapted a species
identification technique based on electrophoresis of salivary amylase developed by
Aquadro and Patton (1980) and revised by Forst (2003) and Miedema (2006). The
modified protocol follows.
MATERIALS
-7.5% Tris-HCl BioRad Ready Gel precast gel
-Bio-Rad Mini Protean 3 upright gel apparatus
-Tris-glycine native sample buffer (6.304 g Tris-HCl, 1 mL glycerol, 0.01 g bromophenol
blue, add dH2O to make 10 mL, pH 8.6)
-10x running buffer (250 mM Tris base, 1.92 M glycine, add dH2O to make 1 L, pH 8.6)
-2% starch solution (4 g potato starch, add dH2O to make 200 mL, heat to boil, autoclave
for 40 minutes)
-Tri-iodine solution (12.68 g iodine, 9.30 g potassium iodide, add dH2O to make 1000
mL)
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FIELD METHODS
Swab the interior oral cavity of each mouse with a cotton swab dipped in
phosphate buffered saline and deposit swab in a small tube containing phosphate buffered
saline. Store samples at -20° C.
LABORATORY METHODS
Centrifuge thawed sample tubes with swab at 3000 rpm for 5 minutes. Combine
9 µl sample and 3 µl Tris-glycine native sample buffer in a separate tube. Dilute 10x
running buffer to 1x and fill gel box. Load sample-buffer mixture into wells. Run gel at
a constant 45 V for 20 minutes, then switch to current and run at a constant 25 mA until
the dye bands are ¾ of the way down the gel (about 45 minutes). Remove from gel box,
discard running buffer, and pry open gel plates. Soak in starch solution for 9-12 hours at
4 °C. After soak rinse with dH2O 3 times and soak in tri-iodine solution for 3 minutes.
Rinse once with dH2O and visualize on a light table. Gel should be generally black, with
clear bands where the digest occurred. Measure the distance from the bottom of the well
to the top of the clear band (Figure A-1). Under these conditions deer mouse bands
typically begin at 1.1 or 1.2 cm and white-footed mice bands begin about 0.5 cm further
at 1.6 or 1.7 cm. Positive controls for both species are available from the Peromyscus
Genetic Stock Center (Department of Biological Sciences, University of South Carolina,
Columbia, SC).
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Figure A-1. Electrophoresis iodine-stained gel. Wells 1-8 (from left to right) were deer
mice (Peromyscus maniculatus) field samples. Wells 9 and 10 were positive controls for
deer mice and white-footed mice (P. leucopus), respectively.
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APPENDIX B

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE APPLICATIONS
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APPENDIX C

RELATIONSHIPS BETWEEN SMALL MAMMAL SPECIES RICHNESS AND
LANDSCAPE VARIABLES

A.

C.

B.

D.
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E.

F.

Figure C-1. Relationship between small mammal species richness and distance to the
mainland (A), distance to the nearest patch (B), distance to the nearest woodland whether
mainland or patch (C), area (D), an interaction between area and distance to the nearest
woodland (E), and the proportion of edge (F) in forested patches in the Grand Sable
Dunes of Pictured Rocks National Lakeshore, Michigan, determined with a power
function. Small mammals were trapped in June and July of 2007 and 2009.
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APPENDIX D

GRAPHS OF DEER MOUSE CAPTURE SUCCESS AND MICROHABITAT
COMPONENTS

A.

B.

C.

D.
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E.

F.

G.

H.

Figure D-1. Number of traps that were successful (“capture”) and unsuccessful (“no
capture”) in capturing a deer mouse (Peromyscus maniculatus) were plotted against
distance to forest edge (A), presence or absence of downed woody debris (B), presence or
absence of snags (C), and decay class of downed woody debris (D), and percent of bare
soil (E), vegetation at 0.75 m above ground (F), vegetation at ankle height (G), and forest
floor debris (H). Small mammals were trapped in the Grand Sable Dunes of Pictured
Rocks National Lakeshore, Michigan, in June and July of 2007 and 2009.
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